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(57) Abstract 

A high voltage power cable termination (I) comprising a current lead (3), a power cable (2) having inner first tube means (5) and outer 
conducting means, e.g. superconducting means, whose electrically conducting properties improve at low temperatures, arranged around the 
first tube means and intended in use to be cooled to low temperatures by cryogenic fluid flowing through the first tube means (5), joint 
means (4) electrically connecting one end of the current lead (3) to the conducting means at one end of the cable at or adjacent one end 
of the first tube means (5), and second tube means (10) communicating with the first tube means (5) at or adjacent to the joint means (4) 
for conveying cryogenic fluid to or from the first tube means (5). The first and second tube means (5, 10) are arranged so that, in use, 
no cryogenic fluid conveyed by the tubes contacts the conducting means or the current lead (3) at the joint means (4). The invention also 
relates to electrical apparatus, e.g. a high voltage induction device, having such a termination. 
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A HIGH VOLTAGE POWER CABLE TERMINATION 
Technical Field 

This invention relates to a power cable termination 
for connecting cryogenic high voltage apparatus to a room 
5 temperature high voltage line. In particular, but not 
exclusively, the invention relates to a superconducting 
power cable termination, such as a termination for a high- 
temperature (high-T e ) superconducting power cable. The 
invention also relates to a power cable provided with such 
10 a termination and electrical apparatus, such as a power 
transformer or generator, provided with such a termination. 
The cable termination is intended to be able to deal with 
very high operating voltages, e.g. , up to 800 kV or more. 

Background Art 

15 There are two main functions of a termination for a 

superconducting power cable. Firstly there is the 
requirement for converting the high radial electric field in 
a superconducting cable to an axial electric field after the 
termination. Secondly, there is the need for the 

2 0 termination to be able to provide the transition between 

room and cryogenic temperatures. A third requirement is for 
the termination to be designed for high voltages. 

Development work on a termination for a high-T c 
superconducting (hereinafter referred to as HTS) cable is 
25 described in an article entitled "Development of Termination 
for the 77KV-Class High T c Superconducting Power Cable" by T. 
Shimonosono, T. Masuda and S. Isojima in IEEE Transaction on 
Power Delivery, Vol. 12, No. 1, January 1997. The main 
disadvantage of terminations of this known type is that such 

3 0 terminations use liquid nitrogen both as a coolant and as a 

dielectric. Nitrogen gas bubbles are produced due to the 
heat inlet and joule heat and these nitrogen bubbles are 
believed to cause breakdown of the current lead of the 
termination at increased power levels. 
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An aim of the present invention is to provide a 
termination for a cryogenically cooled power cable which 
overcomes the problems of breakdown associated with known 
5 terminations. 

A further aim of the present invention is to dispense 
with the use of liquid nitrogen for electrical insulation of 
the termination. 

According to one aspect of the present invention 
10 there is provided a power cable termination comprising: 



a current lead; 



a power cable having inner first tube means and outer 
conducting means, whose electrically conducting 
properties improve at low temperatures, arranged 
15 around the first tube means and intended in use to be 

cooled to low temperatures by cryogenic fluid flowing 
through the first tube means; 

joint means electrically connecting one end of the 
current lead to the conducting means at one end of 
20 the cable at or adjacent one end of said first tube 

means; and 

second tube means communicating with the first tube 
means at or adjacent to said joint means for 
conveying cryogenic fluid to or from the first tube 
25 means; 

the first and second tube means being arranged so that, in 
use, no cryogenic fluid conveyed by said tubes contacts the 
conducting means or the current lead at the joint means. 



In use of the termination, the cryogenic fluid, e.g. 
3 0 liquid nitrogen, conveyed through the first and second tube 
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means acts solely as a cooling medium for the conducting 

means and does not serve as an electrically insulating 
medium at the joint means. Thus a different medium can be 

used to provide electrical insulation of the conducting 
5 means and the current lead at the joint means. 

In most practical applications, the conducting means 
has superconducting properties. However, the invention is 
not intended to be limited to conducting means having 
superconducting properties and is intended to cover any 

10 conducting means whose electrical conducting properties 
significantly improve at low temperatures, e.g. at 
temperatures below 200 K, preferably below 100 K, e.g. 77 K. 
In the preferred case of conducting means having 
superconducting properties, the conducting means may 

15 comprise low temperature semiconductors but preferably 
comprises high-T c superconducting means. For example the 
high-T c superconducting means may comprise silver sheathed 
BSCCO wire or tape, such as BSCCO-2223 (where the numerals 
indicate the number of atoms of each element in the [Bi, Pb] 2 

20 Sr 2 Ca 2 Cu 3 0 X molecule) or BSCCO-2212. Other examples of 
known HTS tapes are Ti Ba 2 Ca 2 Cu 3 O x (TBCCO-1223) and YBa 2 Cu 3 
0 X (YBCO-12 3) . 

The power cable suitably comprises a main portion in 
which the conducting means is surrounded by electrical 

25 insulation, e.g. of solid polymeric material, which, in use 
of the cable, provides a radial electric field contained 
within the surrounding electrical insulation, a cable 
terminating device spaced from said one end of the power 
cable for converting, in use of the cable, the radial 

30 electric field to a substantially axial electric field, and 
an end portion extending from the cable terminating device 
to the said one end of the power cable. Conveniently the 
joint means comprises a high electric potential metallic 
corona shield to which the conductor lead and the conducting 

3 5 means are connected, e.g by soldering. 
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Preferably, the electrical insulation surrounding the 
conducting means comprises an inner layer of semiconducting 
material which is electrically connected to the conducting 
means and an intermediate layer of electrically insulating 
material which surrounds the semiconducting inner layer. 
The said main portion of the cable also has an outer layer 
of semiconducting material, which is connected to a 
controlled electric potential, preferably earth potential, 
along its length, and which surrounds the said intermediate 
layer of electrically insulating material. This 
semiconducting outer layer is not present along the length 
of the said end portion of the cable, e.g. it is removed to 
reveal the underlying intermediate layer. 

In this specification the term "semiconducting 
material" means a substance which has a considerably lower 
conductivity than an electric conductor but which does not 
have such a low conductivity that it is an electric 
insulator. Suitably, but not exclusively, the 

semiconducting material will have a resistivity of from 1 to 
10 s ohm- cm, preferably from 10 to 500 ohm- cm and most 
preferably from 10 to 100 ohm- cm, typically 20 ohm- cm. 

The intermediate layer preferably comprises polymeric 
material such as, for example, low density polyethylene 
(LDPE) , high density polyethylene (HDPE) , polypropylene 
(PP) , cross-linked materials such as cross-linked 
polyethylene (XLPE) or rubber insulation such as ethylene 
propylene rubber (EPR) or silicone rubber. The 
semiconducting layers are formed of similar polymeric 
materials but with highly electrically conductive particles, 
e.g. carbon black or metallic particles, embedded therein. 
Typical examples of materials for the insulating and 
semiconducting layers are disclosed in US -A-4 , 785 , 13 8 . 



Preferably a string of axially arranged annular 
insulating elements, e.g. of porcelain, glass, polymeric 
3 5 material or rubber material, such as silicone rubber or EPR, 
surround the said end portion of the cable and extend 
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between the cable terminating device and the joint means. 
The annular insulating elements prevent creepage along the 
outside of the electrical insulation of the end portion of 
the cable. 

5 In a first design of termination, the superconducting 

means is arranged around the first tube means but not around 
the second tube means which is intended to connect the first 
tube means to cryogenic fluid cooling apparatus. The second 
tube means may be led directly away from the termination at 

10 the joint means. Alternatively, however, the second tube 
means may be positioned back along or around the outside of 
the superconducting means so as to extend back from the 
joint means towards the cable terminating device inside the 
string of annular insulating elements before being led away 

15 from the termination. In this case, the second tube means 
is preferably wound around the layer of superconducting 
means surrounding the first tube means. Preferably solid 
thermal insulation, e.g. of polymeric material having an 
electric field stress < 0.2 kv/mm, is positioned between the 

2 0 second tube means and the surrounding string of annular 
insulating elements. The portion of the second tube means 
leading away from the termination is preferably surrounded 
by thermal insulation. 



According to a second design of termination, the 

2 5 first and second tube means comprise coolant supply and 

return ducts of a central coolant ducting member of the 
power cable around which the conducting means, e.g. 
superconducting means, in tape or wire form, is helically 
wound. Thus the conducting means is wound around both the 

3 0 first and second tube means. The central coolant ducting 

member may be divided internally to provide said first and 
second tube means, the first and second tube means 
communicating with each other at the said one end of the 
first tube means. In its simplest form, the internal 
3 5 division of the central coolant ducting member is provided 
by a diametric partition wall. However to improve thermal 
efficiency and to ensure bending in all directions, the 
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ducting member and/or the internal partition wall, may be 
helically twisted. As an alternative to internally dividing 
the central coolant ducting member, the latter may be formed 
as a single tube having a return bend portion at the joint 
5 means connecting the first and second tube means which 
convey the cryogenic fluid in opposite directions in the 
power cable. 

According to other aspects of the present invention 
there is provided a power cable and electrical apparatus 
10 provided with a termination according to said one aspect of 
the present invention. 

Brief Description of the Drawings 

Embodiments of the invention will now be described, 
by way of example only, with particular reference to the 
15 accompanying drawings, in which: 

Figure 1 is a schematic, partially cut away, 
perspective view of one embodiment of a power cable 
termination according to the invention; 

Figure 2 is a schematic, partially cut away, 

2 0 perspective view of another embodiment of a power 

cable termination according to the invention; 

Figure 3 is a schematic, partially cut away, view of 
a yet further embodiment of a power cable termination 
according to the invention; and 

25 Figure 4 is a detail on an enlarged scale of a part 

of the termination shown in Figure 3 . 

Figure 1 shows a superconducting high voltage power 
cable termination, generally designated by the reference 
numeral 1, for terminating a high-T c superconducting cable 

3 0 (or HTS cable) 2. In addition to the cable 2, the 

termination 1 comprises a current lead 3, e.g. a high 
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voltage metal connection to an overhead line (not shown) , 
and a corona shield 4 in the form of a metallic toroid to 
which the HTS cable 2 and current lead 3 are electrically 
connected, e.g. by soldering. The corona shield 4 has 
internal and/or external thermal insulation (not shown) . 

The HTS cable 2 suitably comprises a centrally 
positioned support or first tube 5 on which superconducting 
wire or tape (not shown), e.g. silver- sheathed BSCCO wire or 
tape, is helically wound. Electrical insulation 7 is 
provided, e.g. extruded, around the helically wound tape 
along a main part of the cable 2 up to a cable terminating 
cone or device 8. The electrical insulation 7 suitably 
comprises inner and outer layers of semiconducting material 
and an intermediate layer of electrically insulating 
material positioned between the layers of semiconducting 
material. Suitably, but not exclusively, the semiconducting 
material will have a volume resistivity of from 1 to 10 s 
ohm- cm, preferably from 10 to 500 ohm- cm and most preferably 
from 10 to 100 ohm- cm, e.g. 20 ohm- cm. The insulating layer 
conveniently comprises solid polymeric material, examples of 
which are low and high density polyethylene (LDPE and HDPE) , 
polypropylene (PP) , polybutylene (PB) , polymethylpentene 
(PMP) , ethylene (ethyl) acrylate copolymer, cross-linked 
materials such as cross-linked polyethylene (XLPE) or rubber 
insulation such as ethylene propylene rubber (EPR) or 
silicone rubber. The semiconducting layers are formed of 
similar polymeric materials but with highly electrically 
conductive particles, e.g. carbon black or carbon soot, 
embedded therein. Typical examples of materials for the 
insulating and semiconducting layers are disclosed in US-A- 
4,785, 138. 

The semiconducting inner layer of the electrical 
insulation is electrically connected with the 
superconducting wire or tape. The semiconducting outer 
layer is connected to a controlled electric potential, 
preferably earth potential, so that the electric field 
generated by the HTS power cable 2 is radially contained 
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within the electrical insulation 7 . Conveniently the 
semiconducting outer layer is electrically to the controlled 
electric potential at spaced apart regions along its length. 

The electrical insulation 7 should conveniently be 
5 such that the electric field stress is less than or equal to 
0.2 kV/mm in any gaseous space inside or outside the 
termination. This will ensure that no electrical discharges 
occur around the termination. 



At the cable terminating device 8, the outer layer of 
10 semiconducting material is stripped from the insulation 7 to 
reveal the underlying electrically insulating material along 
an end portion of the cable 2 between the cable terminating 
device 8 and the corona shield 4. The electrical insulation 
around the superconducting tape or wire supported on the 
15 first tube 5 along said end portion of the cable 2 is 
provided firstly by the inner layer of semiconducting 
material and the surrounding intermediate layer of 
electrically insulating material and secondly by a plurality 
of annular electrically insulating elements 9, e.g. of 
20 porcelain, arranged in a string for preventing creepage. 



At the end of the cable 2, the superconducting wire 
or tape wound around the first tube 5 is electrically 
connected to the corona shield 4 and the current lead 3 . 
Also a second tube 10 of electrically non- conductive 

25 material is connected to, so as to communicate internally 
with, the first tube 5. The first and second tubes may be 
integrally formed as a single tube or may be two separate, 
joined together, tubes. However, the second tube 10 has no 
superconducting wire or tape wound therearound. The second 

3 0 tube 10 is wound back along the end portion of the cable 2 
between the layer of electrically insulating material and 
the string of insulating elements 9. The second tube 10 is 
wound around the terminating device 8 and exits the 
termination at 11 for connection to a cooling machine (not 

3 5 shown) for cooling cryogenic coolant fluid conveyed by the 
tubes 5 and 10. The exit point 11 is thus at a position 
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where there is no electric field surrounding the cable 2. 
In other embodiments (not shown) , the exit point 11 could be 
spaced a short distance from the device 8 between the device 
8 and the corona shield 4 so that the point 11 would be at 
5 a relatively low electric potential compared with the high 
electric potential at the corona shield 4. The tube 10 is 
surrounded by thermal insulation 12 inwardly of the 
insulating elements 9 and by further thermal insulation (not 
shown) between the termination 1 and the cooling machine. 
10 The thermal insulation 12 is shown cut away in Figure 1, but 
would in practice completely surround the coiled second tube 
10 between the corona shield 4 and the exit point 11. 

The exterior of the electrical insulation 7 and the 
cable terminating device 8 are at a controlled electric 
15 potential, preferably earth potential, which contrasts with 
the very high electrical potential of the corona shield 4. 
The string of electrical insulators 9 prevent creepage, i.e. 
prevent leakage of electricity along the surrounded surface 
of the cable insulation between the corona shield 4 and the 

2 0 cable terminating device 8. At the cable terminating cone 

or device 8, the radial electric field around the 
superconducting cable 2 is converted to an axial field. 

The cable termination 20 shown in Figure 2 is similar 
in many respects to the termination 1 shown in Figure 1 and 
25 where possible the same reference numerals have been used in 
the two figures to identify the same or similar parts. The 
main difference between the two terminations 1 and 20 is 
that the second tube 10 of termination 20 is not wound back 
around the first tube 5 but, instead, leaves the termination 

3 0 at the corona shield 4. As shown, the second tube 10 

projects through the toroidal corona shield before being 
connected to a cooling machine (not shown) . The second tube 
10 is surrounded by thermally insulating material 21, e.g. 
void- free, solid plastics material, between the corona 
3 5 shield 4 and the cooling machine (not shown) and also a 
string of electrical insulators 22. Thermal insulation 12 
is also arranged between the cable terminating device and 
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the corona shield 4 in the annular space between the 
electrically insulating material surrounding the 
superconducting wire or tape and the string of electrically 
insulating elements 9. 

5 Figures 3 and 4 show a further embodiment of a 

superconducting cable termination according to the invention 
and designated by the reference numeral 30. The cable 
termination 30 is similar in many respects to the 
terminations 1 and 20 and where possible the same reference 

10 numerals have been used to identify the same or similar 
parts. The main difference between the termination 3 0 and 
the two terminations 1 and 2 0 is that, in the termination 
30, the HTS cable 2 is provided with two centrally 
positioned inner tube portions 31 and 32 about which the 

15 superconducting wire or tape is wound. These tube portions 
31 and 32 are joined together by a return bend tube portion 
33 (see Figure 4) at the end of the cable where the 
superconducting tape or wire is joined, e.g. soldered to the 
corona shield 4. The tube portion 33 may be a separate 

20 tubular connector connected to the tube portions 31 and 32. 
Alternatively the tube portions 31-33 may be portions of a 
single, integral tube 34 which is merely bent at tube 
portion 33 . In other respects the termination design is 
similar to the termination 1 shown in Figure 1. 

25 Instead of winding the superconducting wire or tape 

around the two inner tube portions 31 and 32, a central 
tubular support may comprise a single tube (not shown) 
divided up to a short distance from the tube end by an 
internal partition to provide supply and return ducts for 

3 0 the cryogenic fluid which communicate with each other at the 
tube end. The cooling efficiency can be slightly improved 
by constructing the support tube and/or its inner partition 
as a helix so that the surrounding superconducting wire or 
tape is cooled along a helical path. Alternatively the 

3 5 support tube could be designed as a pair of concentric 
tubes, the inner tube serving as a return duct for the 
cryogenic fluid, the superconducting wire or tape being 
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wound on the outside of the outer tube and the annular gap 
between the inner and outer tubes providing a supply duct 
for the cryogenic fluid. 

In each of the terminations 1, 2 0 and 3 0 described 
5 above, the thermal and electrical insulation of the 
termination in question are separated. In particular the 
cryogenic coolant fluid for cooling the superconducting 
means to superconducting temperatures serves solely as a 
cooling medium and is not used in addition for electrically 
10 insulating purposes. Thus the cryogenic fluid does not 
serve as a dielectric unlike in known superconducting power 
cable terminations. In this manner known problems 

associated with nitrogen gas bubbles being generated in the 
surrounding electric insulation are avoided. 

15 The HTS cable described may be of any convenient 

design and is not limited to the specific cryogenic 
dielectric design described in the specific embodiments. 
Thus, for example, the HTS cable may be of a so-called room- 
temperature dielectric design with the superconducting means 

2 0 externally thermally insulated from electric insulation by 

thermal superinsulation contained between corrugated metal 
tubes . 

Although the present invention is primarily directed 
to a power cable termination for teminating a power cable 
25 with conducting means having superconducting properties 
which are cooled in use to superconducting temperatures, 
e.g. by liquid nitrogen at 77 K, the invention is also 
intended to embrace conducting means which have improved 
electrical conductivity at a low operating temperature, up 

3 0 to, but preferably no more than, 200 K, but which may not 

possess superconducting properties at least at the intended 
low operating temperature. At these higher cryogenic 

temperatures, liquid carbon dioxide can be used for cooling 
the conductor means. 
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The power cable termination is intended for use as a 
termination in electrical apparatus, e.g. high boltage 
induction devices such as power transformers, generators and 
energy storage devices, such as SMES devices. 

5 The electrical insulation used in a power cable 

termination, power cable or electrical apparatus according . 
to the invention is intended to be able to handle very high 
voltages and the consequent electric and thermal loads which 
may arise at these voltages. By way of example, a power 

10 termination according to the invention can be used in 
terminations for power transformers having rated powers from 
a few hundred kVA up to more than 1000 MVA and with rated 
voltages ranging from 3-4 kV up to very high transmission 
voltages of 400-800 kV. At high operating voltages, partial 

15 discharges, or PD, constitute a serious problem for known 
insulation systems. If cavities or pores are present in the 
insulation, internal corona discharge may arise whereby the 
insulating material is gradually degraded eventually leading 
to breakdown of the insulation. The electric load on the 

2 0 electrical insulation of the power cable of a termination 

according to the present invention is reduced by ensuring 
that the inner layer of the insulation is at substantially 
the same electric potential as the inner conducting means 
and the outer layer of the insulation is at a controlled, 
25 e.g. earth, potential. Thus the electric field in the 
intermediate layer of insulating material between the inner 
and outer layers is distributed substantially uniformly over 
the thickness of the intermediate layer. Furthermore, by 
having materials with similar thermal properties and with 

3 0 few defects in the layers of the insulating material, the 

possibility of PD is reduced at a given operating voltages. 
The power cable of the termination can thus be designed to 
withstand very high operating voltages, typically up to 800 
kV or higher. 



35 Although it is preferred that the electrical 

insulation 7 should be extruded in position, it is possible 
to build up an electrical insulation system from tightly 
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wound, overlapping layers of film or sheet-like material. 
Both the semiconducting layers and the electrically 
insulating layer can be formed in this manner. An 
insulation system can be made of an all-synthetic film with 
5 inner and outer semiconducting layers or portions made of 
polymeric thin film of, for example, PP, PET, LDPE or HDPE 
with embedded conducting particles, such as carbon black or . 
metallic particles and with an insulating layer or portion 
between the semiconducting layers or portions. 



10 For the lapped concept a sufficiently thin film will 

have butt gaps smaller than the so-called Paschen minima, 
thus rendering liquid impregnation unnecessary. A dry, 
wound multilayer thin film insulation has also good thermal 
properties and can be combined with a superconducting pipe 

15 as an electric conductor and have coolant, such as liquid 
nitrogen, pumped through the pipe. 

Another example of an electrical insulation system is 
similar to a conventional cellulose based cable, where a 
thin cellulose based or synthetic paper or non-woven 

20 material is lap wound around a conductor. In this case the 
semiconducting layers, on either side of an insulating 
layer, can be made of cellulose paper or non-woven material 
made from fibres of insulating material and with conducting 
particles embedded. The insulating layer can be made from 

25 the same base material or another material can be used. 



Another example of an insulation system is obtained 
by combining film and fibrous insulating material, either as 
a laminate or as co-lapped. An example of this insulation 
system is the commercially available so-called paper 
3 0 polypropylene laminate, PPLP, but several other combinations 
of film and fibrous parts are possible. In these systems 
various impregnations such as mineral oil or liquid nitrogen 
can be used. 
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1. A high voltage power cable termination (1) 
comprising : 

a current lead (3); 

5 a power cable (2) having inner first tube means (5) 

and outer conducting means, whose electrically 
conducting properties improve at low temperatures, 
arranged around the first tube means and intended in 
use to be cooled to low temperatures by cryogenic 
10 fluid flowing through the first tube means (5) ; 

joint means (4) electrically connecting one end of 
the current lead (3) to the conducting means at one 
end of the cable at or adjacent one end of said first 
tube means (5) ; and 

15 second tube means (10) communicating with the first 

tube means (5) at or adjacent to said joint means (4) 
for conveying cryogenic fluid to or from the first 
tube means (5) ; 

the first and second tube means (5,10) being arranged so 
20 that, in use, no cryogenic fluid conveyed by said tubes 
contacts the conducting means or the current lead (3) at the 
joint means (4) . 

2. A termination according to claim 1, 
characterised in that the electrically conducting properties 

2 5 of the conducting means improve at temperatures below an 

operating temperature no greater than 200 K, preferably no 
greater than 100 K, e.g. 77 K, the cryogenic fluid, in use 
of the termination, cooling the conducting means to said 
operating temperature. 

3 0 3 . A termination according to claim 1 or 2, 

characterised in that the conducting means has 
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superconducting properties and that, in use of the 
termination, the conducting means is cooled to 
superconducting temperatures by said cryogenic fluid. 

4. A termination according to claim 3, 
5 characterised in that the conducting means comprises high-T c 

superconducting means. 

5. A termination according to claim 4, 
characterised in that the high-T c superconducting means 
comprises silver sheathed BSCCO wire or tape. 

10 6. A termination according to any one of the 

preceding claims, characterised in that the power cable (2) 
comprises a main portion in which the conducting means is 
surrounded by electrical insulation (7) which, in use of the 
cable, provides a radial electric field contained within the 

15 surrounding electrical insulation, a cable terminating 
device (8) spaced from said one end of the power cable for 
converting, in use of the cable, the radial electric field 
to a substantially axial electric field, and an end portion 
extending from the cable terminating device (8) to the said 

2 0 one end of the power cable. 

7. a termination according to claim 6, 
characterised in that the said joint means comprises a high 
electric potential metallic corona shield (4) to which the 
conductor lead (3) and the conducting means are electrically 

25 connected, e.g. by soldering. 

8. A termination according to claim 6 or 7, 
characterised in that the said electrical insulation (7) 
comprises an inner layer of semiconducting material 
electrically connected to the conducting means, an outer 

3 0 layer of semiconducting material connected to a controlled 

electric potential, e.g. earth potential, along its length, 
and an intermediate layer of electrically insulating 
material between said semiconducting inner and outer layers . 
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9. a termination according to claim 8, 
characterised in that the said inner layer of semiconducting 
material and the said intermediate layer of electrically 
insulating material also surround the conducting means along 

5 the said end portion of the cable, but the said outer layer 
of semiconducting material does not extend along the said 
end portion. 

10. A termination according to claim 8 or 9, 
characterised in that the semiconducting material has a 

10 resistivity of from 1 to 10 5 ohm- cm, preferably from 10 to 
500 ohm- cm and most preferably from 10 to 100 ohm- cm. 

11. A termination according to claim 8, 9 or 10, 
characterised in that the intermediate layer comprises 
polymeric material. 

15 12 . A termination according to any one of claims 8 

to 11, characterised in that the or each semiconducting 
layer is formed of polymeric material with highly 
electrically conductive particles, e.g. carbon black or 
metallic particles, embedded therein. 

20 13 . A termination according to claim 11 or 12, 

characterised in that the said polymeric material comprises 
low density polyethylene (LDPE) , high density polyethylene 
(HDPE) , polypropylene (PP) , cross-linked materials, for 
example cross-linked polyethylene (XLPE) , or rubber 

2 5 insulation such as ethylene propylene rubber (EPR) or 

silicone rubber. 

14. A termination according to any one of claims 6 
to 13, characterised in that a string of axially arranged 
annular insulating elements (9), e.g. of porcelain, glass, 

3 0 polymeric material, or rubber, surround the said end portion 

of the cable and extend between the cable terminating device 
(8) and the joint means (4) . 
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15. A termination according to claim 14, 
characterised in that thermal insulation (12) is provided 
along the said end portion of the cable radially inwardly of 
the surrounding annular insulating elements (9) . 

5 16. A termination according to any one of claims 6 

to 15, characterised in that the said electrical insulation 
is designed for high voltage, suitably in excess of 10 kV, 
in particular in excess of 3 6 kV, and preferably more than 
72.5 kV up to very high transmission voltages, such as 400 
10 kV to 800 kV or higher. 

17 . A termination according to any one of claims 6 
to 16, characterised in that the said electrical insulation 
is designed for a power range in excess of 0.5 MVA, 
preferably in excess of 30 MVA and up to 1000 MVA. 

15 18. A termination according to any one of the 

preceding claims, characterised in that the second tube 
means (10) is led directly away from the termination at the 
joint means (4) . 

19. A termination according to claim 14 or 15 or 
20 either of claims 16 or 17 when dependent on claim 14 or 15, 
characterised in that the second tube means (10) extends 
back from the joint means (4) and inside the string of 
annular insulating elements (9) before being led away (at 
11) from the termination. 

25 20. A termination according to claim 19, 

characterised in that the second tube means (10) is wound 
around the first tube means (5) . 

21. A termination according to claim 19 or 20, 
characterised in that thermal insulation (12) is arranged 
30 between the second tube means (10) and the surrounding 
string of annular insulating elements (9) . 
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22. A termination according to any one of claims 18 
to 20, characterised in that the second tube means (10) 
after being led away from the termination is surrounded by 
thermal insulation (21) . 

5 23 . A termination according to claim 22, 

characterised in that the second tube means (10) after being . 
led away from the termination is surrounded by a string of 
annular insulating elements (22) . 

24. A termination (30) according to any one of 
10 claims 1 to 17, characterised in that the first and second 
tube means comprise coolant supply and return ducts (31, 32) 
of a central coolant ducting member (34) of the power cable 
(2) around which the conducting means, in tape or wire form, 
is helically wound. 

15 25. A termination according to claim 24, 

characterised in that the central coolant ducting member is 
divided internally to provide said first and second tube 
means, the first and second tube means communicating with 
each other at the said one end of the first tube means. 

20 26. A termination according to claim 25, 

characterised in that the internal division of the central 
coolant ducting member is provided by a diametric partition 
wall. 

27. A termination according to claim 25, 
25 characterised in that the ducting member and/or the internal 

partition wall, are helically twisted. 

28. A termination according to claim 24, 
characterised in that the central coolant ducting member is 
formed as a single tube (34) with a return bend portion (33) 

30 at the joint means (36) connecting said first and second 
tube means (31, 32) which are intended to convey the 
cryogenic fluid in opposite directions internally within the 
power cable (2) . 
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29. A power cable provided with a termination 
according to any one of the preceding claims. 



30. High voltage electrical apparatus having a 
termination according to any one of claims 1 to 28. 
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